CHOOSING  COLORS  FOR  WORK-CENTERED  SUPPORT 
SYSTEMS  FOR  COMMAND  AND  CONTROL  USING  A  VISUAL 

SEARCH  TASK 


Gina 

Thomas-Meyers 
AFRL/HECS 
2698  G  Street 
WPAFB,  OH 
45433-7604 


Allen 

Nagy 

Wright  State  University 
Department  of  Psychology 
3640  Colonel  Glenn  Hwy. 
Dayton,  Ohio  45435 


Samuel 

Kuper 

AFRL/HECS 
2698  G  Street 
WPAFB,  OH 
45433-7604 


Jeffrey 

Wampler 

AFRL/HECS 
2698  G  Street 
WPAFB,  OH 
45433-7604 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

JUN  2004 

2.  REPORT  TYPE 

3.  DATES  COVERED 

00-00-2004  to  00-00-2004 

4.  TITLE  AND  SUBTITLE 

Choosing  Colors  for  Work-Centered  Suppot  Systems  for  Command  and 
aControl  Using  a  Visual  Search  Task 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

AFRL/HECS,2698  G  Street, Wright  Patterson  AFB, OH, 45433-7604 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS (ES) 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

The  original  document  contains  color  images. 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 
ABSTRACT 

18.  NUMBER 
OF  PAGES 

45 

19a.  NAME  OF 
RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


Abstract 


The  use  of  information  technology  to  support  work  and  aid  in  decision  making  has 
brought  about  new  ways  of  displaying  information  on  computer  screens.  The  more 
information  required,  the  more  complex  those  displays  have  become.  Goals  of  this 
research  project  were  to  1)  develop  and  test  basic  methodology  for  recommending 
complex  display  color  coding  and  2)  to  use  results  from  that  methodology  to  recommend 
specific  changes  to  the  Work-Centered  Support  System  for  Global  Weather  Management 
(WCSS-GWM)  application.  The  on-going  research  shows  how  a  simple  laboratory  search 
technique  may  be  used  to  recommend  chromaticities  and  other  characteristics  for  use  in 
current  and  future  systems. 

CHOOSING  COLORS  FOR  WORK-CENTERED  SUPPORT 
SYSTEMS  FOR  COMMAND  AND  CONTROL  USING  A  VISUAL 

SEARCH  TASK 

Early  display  designers  were  constricted  by  availability  and  expense  of  display 
technology.  Color  displays,  when  first  available,  were  cost  prohibitive.  As  technology 
improved  and  costs  decreased,  display  complexity  increased.  Design  was  guided  by 
‘engineering  judgment,’  ‘common  sense,’  and  the  way  things  had  been  done  on  paper.  In 
response  to  user  problems  and  needs,  human  factors  professionals  have  been  increasingly 
involved  in  display  design.  More  and  more,  interface  issues  began  to  be  addressed 
empirically.  Human  factors  display  guidelines  have  been  developed  (for  an  example,  see 
Helander,  1987)  and  are  now  regularly  applied  to  new  technological  advances. 

Human  factors  experts  have  developed  some  general  guidelines  regarding  the  use 
of  color  in  displays.  In  general,  human  factors  guidelines  recommend  against  using  more 
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than  ten  colors  for  the  simple  coding  of  information  and  that  color  use  should  be  as 
limited  as  possible  given  the  particular  application  (Helander,  1987).  Color  is 
particularly  useful  in  allowing  the  user  to  easily  find  a  particular  symbol  in  a  dense 
display,  for  drawing  attention  to  particular  information,  and  for  allowing  the  user  to 
rapidly  sort  and/or  categorize  information.  Guidelines  also  suggest  that  red,  green,  and 
yellow  be  reserved  for  representing  danger,  safe  conditions,  and  caution,  respectively 
(Helander,  1987).  Current  military  standards  (DoD,  1989)  specify  that  “red  shall  be  used 
to  alert  an  operator  that  the  system  or  any  portion  of  the  system  is  inoperative  or  that  a 
successful  mission  is  not  possible  until  appropriate  corrective  or  override  action  is  taken.” 
Emergency  conditions  that  require  immediate  action  are  to  be  indicated  by  flashing  red. 
Yellow  is  to  be  used  to  indicate  conditions  that  are  “marginal”  or  to  “alert  the  operator  to 
situations  where  caution,  recheck,  or  unexpected  delay  is  necessary.”  Satisfactory 
conditions  are  to  be  indicated  with  green.  White  is  reserved  for  indicating  “system 
conditions  that  do  not  have  ‘right’  or  ‘wrong’  implications.”  Blue  is  approved  for  use  as 
an  “advisory  light,  but  preferential  use  of  blue  should  be  avoided.”  Color  coding  may  also 
be  used  to  “differentiate  between  classes  of  information  in  complex,  dense,  or  critical 
displays  [but]  .  .  .  shall  not  conflict  with  the  [above]  color  associations”  (DoD,  1989). 
Human  factors  experts  also  recommend  that  color  coding  only  be  used  for  identification 
of  symbols  with  spatial  frequencies  greater  than  about  two  cycles  per  degree  of  visual 
angle  (particularly  saturated  blue)  and  that  red  and  green  not  be  used  in  the  periphery  of  a 
display  (Helander,  1987). 

More  recently,  human  factors  guidelines  (Bennett,  Nagy,  and  Flach,  1997)  have 
extended  into  methods  of  adapting  to  new  technology  in  displaying  information.  Human 
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factors  experts  began  to  realize  that  the  basic  guidelines  for  display  were  sufficient  for 
displaying  data  (such  as  system  states)  but  not  necessarily  for  displaying  information 
(such  as  combinations  of  data  needed  for  planning  action).  For  complex  or  detailed 
displays,  human  factors  experts  recommend  layering  the  information  with  respect  to 
importance.  In  other  words,  the  most  important  information  should  be  the  most 
prominent  visually.  Methods  of  display  (i.e.  length  comparisons  vs.  volumetric 
comparisons)  which  provide  the  most  effective  means  of  quantifying  data  are  fairly  well 
understood.  Attention-based  methods  of  design  focus  on  the  graphical  representations  in 
a  display  and  aspects  related  to  separability,  integr ability,  and  configurality  of  displayed 
information.  Human  factors  experts  have  agreed  that  perceptual  proximity  and 
processing  proximity  should  be  compatible.  In  addition,  the  notion  that  the  choice  of 
which  information  to  display  must  depend  on  the  interaction  between  the  domain  and  the 
interface  is  prominent  in  the  human  factors  literature  (Bennett,  Nagy,  and  Flach,  1997). 

The  use  of  information  technology  (IT)  has  grown  exponentially,  both  in  business 
and  in  government.  This  technology  provides  support  to  workers  in  terms  of  automating 
duties,  expediting  information  retrieval,  allowing  ease  of  making  changes  to  existing 
forms  and  documents,  making  fast  and  easy  calculations,  allowing  tracking  of  work, 
displaying  the  status  of  systems,  etc.  All  of  the  information  necessary  to  provide  this 
support  must  be  displayed  in  a  limited  amount  of  space. 

One  such  system  currently  being  applied  as  a  demonstration  project  in  a  command 
and  control  domain  is  the  Work-Centered  Support  System  Global  Weather  Management 
(WCSS-GWM)  application  that  was  developed  under  the  Air  Force  Research  Laboratory 
Human  Effectiveness  directorate’s  program  called  Global  Air  Mobility  Advanced 


4 


Technology  (GAMAT).  This  technology  demonstration  is  an  example  of  a  Work- 
Centered  Support  System  (WCSS;  Eggleston  and  Whitaker,  2002;  Young,  et.  al,  2000). 
WCSS  technology  is  a  new  cognitive-science-based  analysis  and  design  methodology  for 
developing  human-computer  interfaces  that  enable  very  high  user  productivity,  especially 
in  dynamic  and  information-dense  environments  such  as  command  and  control.  The 
WCSS  technology  leverages  cognitive  work  analysis  and  advanced  user  interface  design 
techniques  to  provide  intuitive  user  interfaces  customized  based  on  the  work 
requirements.  The  WCSS  approach  is  designed  to  develop  human-computer  interfaces 
that  support  rapid  user  adaptation  to  both  routine  and  non-routine/unexpected  events  by 
providing  relevant  context  and  intuitive  and  directly  manipulable  affordances  for  action. 

The  Work-Centered  Support  System  for  Global  Weather  Management  (WCSS- 
GWM)  is  a  software  client  application  developed  with  a  goal  of  minimizing  the  impact  of 
changing  weather  conditions  on  planned  and  on-going  missions  (see  Fig.  1).  The  WCSS- 
GWM  software  allows  users  to  select  and  inspect  missions  of  interest  and  provides 
intelligent-agent-based  alerts  when  weather  phenomena  may  impact  those  missions.  It 
provides  a  consolidated  view  of  weather  and  air  mission  data.  It  provides  the  user  with 
the  ability  to  select  from  a  variety  of  weather  and  flight  related  data  and  arrange  them  as 
different  layers  on  a  map  of  the  world  in  flexible  ways  to  efficiently  support  dynamic 
work  requirements.  WCSS-GWM  has  been  demonstrated  to  be  useful  for  weather 
forecasters  to  select  relevant  areas  for  prediction,  for  weather  support  personnel  to 
understand  which  weather  changes  might  affect  current  and  planned  flights,  and  for  flight 
managers  to  know  when  a  flight  plan  might  need  to  be  adjusted  due  to  current  or 
impending  weather  conditions  (see  Scott,  et.  al,  in  publication). 
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Figure  1  -  Screen  shot  of  the  Work-Centered  Support  System  for  Global 
Weather  Management 

The  WCSS-GWM  application  is  being  expanded  for  use  by  other  command  and 
control  users  in  both  the  local  domain  and  external  domains.  The  display  is  already  quite 
complex  in  its  use  of  color  for  the  coding  of  layers  and  alerting  information.  Subsequent 
iterations  of  this  application  are  expected  to  require  even  more  types  of  information  to  be 
displayed. 

Although  the  work-centered  concept  is  a  particularly  useful  method  of  displaying 
relevant  information  for  use  in  decision  support,  for  any  system,  when  graphical 
information  is  coded  by  color,  symbology  or  geometry,  “no  matter  how  intelligent  the 
choice  of  information,  no  matter  how  ingenious  the  encoding  ...  the  graph  is  a  failure  if 
the  visual  decoding  fails”  (Cleveland,  1985).  It  is,  therefore,  quite  important  to  include 
issues  of  visual  perception  in  the  development  of  any  new  display. 

When  several  types  of  information  are  displayed,  the  user  must  visually  search  for 
the  information  that  is  most  relevant  to  the  task  at  hand.  In  some  cases,  the  relevant  item 
is  quite  easy  to  find;  it  seems  to  stand  out  from  other  elements  of  the  display.  In  other 
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instances,  search  is  more  perceptually  laborious.  In  past  literature,  easy  searches  have 
been  referred  to  as  parallel  and  more  difficult  searches  have  been  referred  to  as  serial 
(Treisman,  1998;  Treisman,  1988;  Treisman,  1991;  Northdurft,  1993;  Hulleman,  et  al. 
2000;  Treisman  and  Gelade,  1980;  Quinlan,  2003;  Treisman  and  Souther,  1985).  These 
descriptions  imply  that  there  is  something  inherently  different  about  the  two  types  of 
stimuli.  Although  vision  researchers  are  not  in  agreement  that  these  differences  in  search 
difficulty  are  truly  due  to  switches  between  parallel  and  serial  processing,  there  is  wide 
agreement  that  the  differences  exist  and  that  there  is  something  about  the  types  of  stimuli 
and  combinations  of  stimuli  that  lead  to  them. 

In  general,  when  information  is  displayed,  there  are  three  levels  of  search  criteria. 
The  higher  levels  cannot  be  achieved  unless  all  lower  level  criteria  are  met.  At  the  lowest 
level,  a  stimulus  must  be  visible.  For  example,  someone  looking  at  a  radar  display  of 
various  aircraft  must  be  able  to  see  the  blips  on  the  screen.  At  the  next  level,  a  stimulus 
must  be  discriminable.  For  example,  if  a  display  used  shape  to  indicate  the  types  of 
aircraft  present,  it  would  be  important  for  the  user  to  be  able  to  detect  those  shape 
differences  if  decisions  were  to  be  made  based  on  aircraft  type.  At  the  highest  level,  a 
stimulus  must  be  conspicuous.  For  example,  if  it  is  important  that  a  warning  signal  be 
noticed,  that  signal  must  be  displayed  in  such  a  manner  that,  if  it  appears,  it  will  stand  out 
from  other  elements  of  the  display.  In  the  WCSS-GWM  display,  the  alert  is  such  a 
signal. 

There  are  a  number  of  objectives  of  the  current  research.  One  specific  goal  is  to 
demonstrate  that  a  basic  research  methodology  such  as  a  search  task  can  be  useful  for 
designing  and  evaluating  coding  in  an  applied  setting.  In  this  particular  case,  the  goal  is 
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to  use  a  search  task  to  test  the  effects  of  the  use  of  color  and  transparency  in  a  display. 
The  research  effort  to  date  consists  primarily  of  the  development  of  a  search  task  to  test 
the  effects  of  color  and  transparency  combinations  in  the  WCSS-GWM  display. 

METHOD 

To  date,  pilot  data  only  have  been  collected  for  this  research  program.  The 
following  methods  were  employed  in  the  collection  of  those  data. 

Participant 

The  author  (female)  acted  as  subject  in  the  collection  of  pilot  data. 

Apparatus 

Stimuli  were  generated  using  a  JAVA  computer  program  written  specifically  for 
use  in  this  research  and  displayed  on  flat  panel  personal  computer  monitor  similar  to 
those  used  by  the  users  of  the  WCSS-GWM  display.  The  pilot  studies  were  run  in  a 
typical  office  setting. 

Procedure 

Stimuli  (target  and  distractors)  were  presented  on  one  of  two  background  types. 
The  first  background  type  (referred  to  as  original)  was  generated  from  screen  shots  of  the 
WCSS-GWM  display.  Initially,  interviews  of  current  and  potential  users  of  the  WCSS- 
GWM  weather  tool  were  conducted  to  assure  that  any  recommended  color  changes  to  the 
display  would  not  violate  user  expectations.  The  second  background  type  (referred  to  as 
recommended)  was  like  the  original  background  except  that  colors  were  de-saturated. 
This  choice  was  deemed  to  be  the  simplest  change  that  could  be  made  that  reflected  past 
research  findings.  The  two  background  types  were  present  at  all  times  during  the 
experimental  block  and  were  displayed  with  three  levels  of  clutter  -  low,  moderate,  and 
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high  -  generated  by  varying  the  number  of  layers  displayed  in  the  WCSS-GWM  screen 
shots. 

The  target  consisted  of  a  red  circle  similar  to  the  alert  in  the  WCSS-GWM  display 
and  the  distractors  consisted  of  a  variety  of  shapes  (other  that  circles)  similar  to  some  of 
the  symbology  used  in  WCSS-GWM.  In  addition  to  varying  the  level  of  background 
clutter,  stimuli  were  presented  in  set  sizes  (target  and  distractors)  of  3,  6,  18,  or  54.  The 
colors  of  the  distractors  in  one  condition  were  similar  to  the  current  WCSS-GWM 
symbol  colors  and,  in  another  condition,  selected  based  on  the  interviews  and  a  brief 
review  of  current  human  factors  literature. 

In  a  typical  trial,  a  fixation  cross  was  presented  at  the  center  of  the  display 
background,  and  the  subject  focused  on  that  cross.  The  target  and  distractor(s)  appeared, 
and  the  subject  pressed  enter  when  she  located  the  target.  The  target  and  distractor  set 
then  disappeared,  and  the  subject  placed  the  cursor  in  the  quadrant  where  she  believed 
that  the  target  had  been.  Inaccurate  trials  were  repeated;  only  accurate  trials  were 
included  in  the  analysis;  less  than  10%  of  trials  were  inaccurate  in  all  conditions.  Data 
from  inaccurate  trials  were,  however,  saved  so  that  they  would  be  available  for  post  hoc 
analyses,  if  needed. 

Eight  blocks  of  sixty  trials  were  completed  representing  two  blocks  of  each 
combination  of  set  size  (3,  6,  18  and  54)  and  background  color  (original  and 
recommended).  Each  blocks  consisted  of  ten  trials  of  each  combination  of  distractor 
color  (original  and  recommended)  and  level  of  clutter  (low,  moderate,  and  high). 
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RESULTS 


There  was  a  significant  main  effect  of  de-saturating  the  background  color  for  all 
set  sizes  (see  figure  2)  and  across  all  levels  of  clutter  (see  figure  3),  f  =  24.6,  p  <  0.05. 
There  were  also  significant  main  effects  of  both  set  size,  f  =  5.9,  p  <  0.05,  and 
background  clutter,  f  =  7.1,  p  <  0.05,  as  would  be  expected.  Although  figure  3  shows  a 
hint  of  an  interaction  between  background  color  and  clutter,  this  interaction  was  not 
statistically  significant,  f  =  2.4,  p  >  0.05. 


Figure  2  -  Mean  response  times  by  set  size  Figure  3  -  Mean  response  times  by  clutter 
averaged  across  all  three  levels  of  averaged  across  set  size  for  original 

background  clutter  for  original  and  and  recommended  (de-saturated) 

recommended  (de-saturated)  background  colors 

background  colors 


There  were  no  significant  main  effects  for  symbol  (distractor)  color,  f  =  0.3,  p  > 
0.05.  The  only  set  size  for  which  there  was  any  benefit  of  the  new  distractor  colors  was 
the  largest  set  size,  and  that  benefit  was  not  statistically  significant,  f  =  1.2,  p  >  0.05. 
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DISCUSSION 


The  purposes  of  this  pilot  research  were  to  verify  that  it  is  reasonable  to  use  a 
basic  laboratory  research  paradigm  in  order  to  make  specific  recommendations  to  a  very 
complex  and  information-rich  display  and  to  determine  color  sets  that  might  improve  the 
efficiency  of  such  a  display  so  that  those  sets  may  be  further  tested. 

It  seems  that  the  search  task  used  in  the  pilot  research  is  an  effective  way  to 
determine  which  display  modifications  are  potentially  beneficial.  In  addition  to 
providing  evidence  that  the  de-saturation  of  the  display  background  is  likely  to  have  a 
positive  effect  on  the  ability  of  the  user  to  detect  an  alert,  the  search  task  also  allowed  us 
to  pre-test  a  set  of  symbol  colors  in  a  laboratory  situation  before  applying  them  to  an 
actual  display.  The  validity  of  the  search  results  was  supported  by  the  fact  that  the  task 
was  sensitive  to  the  expected  effects  of  clutter  and  set  size.  This  task  is  currently  being 
applied  in  further  experiments  in  which  effects  of  color,  background,  clutter  and 
transparency  are  all  being  investigated. 
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Introduction 


*  Complexity  of  displays  has  increased  with 
availability  of  new  technology 

—  Information  technology 

—  Ease  of  color  display 

*  Human  factors  guidelines 

—  Hard  to  keep  pace  with  rapidly  increasing 
technology 

—  Complex  displays  particularly  challenging 


Work-Centered  Support  Systems 


*  Replace  “Windows-based”  desktop  with 
arrangement  more  suited  to  work  needs 

*  Incorporates  intelligent  technology  to  retrieve 
data  and  automate  functions  where  it  makes 
sense  to  do  so 

*  Continuous  and  work-specific  display  of 
status  information 

*  Detailed,  work-specific  information  easily 
accessed 


$  Work-Centered  Support  System 

Technology  Summary 


New  human-computer  interface  technology 
Highly  efficient  support  for  work  as  practiced 
Uses: 

—  Cognitive  work  &  task  analyses 

—  Cognitive-based  design  techniques 

—  Intelligent  agents 


COGNITIVE 

PROCESSES 


Worker 


OPERATIONAL 

EVENTS 


TECHNOLOGY 
(Support  Tools) 


Provides: 

—  Cognitively  compatible,  “actionable”  displays 

—  Rapid  user  adaptation  to  unanticipated  events 


ACTION 

CYCLES 


Focus  on  work 
requirements  and  human 
capabilities  and 
limitations 


—  Agents  to  automatically  monitor,  retrieve  &  fuse  information 

>  User  remains  focused  on  “core”  work  activities 

NOT_  “overhead”  activities  of  data  monitoring,  retrieval  &  fusion 


Provides: 

—  Proactive  problem  identification 

—  Better,  faster  decisions/work  actions 

—  Reduced  training  and  operating  costs 
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Historical  Perspective: 

User  Interface  as  Work  Support  System 


Traditional 


Modern 


Future 


Stove-piped  data 


Integrated  data 


App  1 


App  2 


IQS 


Unified  Work  Ontology 

Work  objects 


•  Ul  as  a  desktop 

--  One  window  per 
application 

--  High  procedural 
cost 

--  High  cognitive 
burden 


•  Ul  as  a  portal 

--  Data-centric 

--  Moderate  procedural 
cost 

--  High  cognitive  burden 


Next  generation 
User  Interface  technology 


•  Ul  as  a  work  aiding 

system 

--  Single  organizing 
framework 

--  Work-centered  aiding 

collaboration;  decision  making; 
product  development;  work 
management 

--  Low  procedural  cost 
--  Low  cognitive  burden 


Work-Centered  Design  Principles 


(1)  Work-context  space/panel 
(work  management) 


(2)  Context  space 
coordination 


(1)  Work-context  space/panel 
(decision  support  &  product  development) 


(3)  Problem  - 
Vantage  - 
Frame 


(4)  Central  -  Peripheral 


(5)  Joint  aiding  throughout 

(6)  First  person  principle  (Work  ontology)  throughout 6 


CSS-  Global  Weather  Management  (GWM 


Overall 
alert  status 


Agent  alert 
due  to 
weather 
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Selection  areas  for  geo-spatial  fusion  of  real 
time  weather,  mission,  route,  port  and  other  info 
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Am  Clouds 
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Political  Boundaries 

Winds 


ACARS 


Agents  continuously 
monitor  user-definable 
“box”  around  flight  paths 


Altitude  range  filter; 
Weather  images  color 
coded  based  on  altitude 
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“Layer”  selections  used 
to  rapidly  fuse  info 
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Display  Color  Guidelines 

(Helander,  1987) 


*  Limit  use  of  color  to  10  or  less 

*  Reserve  color  use  for  drawing  attention 
or  means  of  quickly  categorizing  data 

*  Reserve  red,  green,  &  yellow  for  warning, 
safe,  and  caution,  respectively 
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Display  Color  Guidelines 

(DoD,  1989) 


*  Emergency  -  flashing  red 

*  Alert  -  red 

*  Marginal  or  caution  -  yellow 

*  Satisfactory  -  green 

*  Advisory  may  be  blue 

*  May  use  color  to  differentiate  between  classes 
of  information  BUT  must  not  conflict  with 
above  color  use 
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The  GWM  Map  Display 


GAMAT  WC55-GWM 
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GWM  Colors 
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“No  matter  how  intelligent  the  choice 
of  information,  no  matter  how 
ingenious  the  encoding  . . .  the  graph 
is  a  failure  if  the  visual  decoding 
fails.”  (Cleveland,  1985) 
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Display  Element  Criteria  Levels 


*  Visibility 

*  Discriminability 

*  Conspicuity 
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Efficient  Search 
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LU 


•Red  line  shows 
inefficient  search 

•Green  line 
shows  efficient 
search 
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Research  Goals  of  this  Pilot  Work 


*  Combine  basic  methodology  with  applied  display  to 
demonstrate  usefulness  for  designing  and  evaluating 
display  coding 

*  Compare  expected  outcomes  to  results  of  using  this 
methodology 

*  Verify  expected  effects  of  changing  the  GWM  display 
color  scheme 

*  Collect  pilot  data  for  future  research  testing  use  of 
transparency  as  a  visual  feature 

*  Recommend  color  sets  to  test  in  future  evaluation 
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Note:  Paper  (page  9)  reports  8  blocks 
instead  of  16  completed  &  set  size  of  3 
rather  than  2. 
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Method 


•  Participant 

—  Female,  age  46,  normal  color  vision 

•  Apparatus 

—  Dell  PC  with  flat  panel  display 
—  Stimuli  generated  by  JAVA  /  JYTHON  program 
—  Office  setting 

•  Procedure 

—  Fixation  cross  presented  at  the  center  of  the  display  background 

—  Mouse  click  to  signal  “ready” 

—  Target  and  distractors  appear 

—  Press  “enter”  or  mouse  click  when  target  is  found 

—  Target  and  distractors  disappear  (background  remains) 

—  Position  cursor  over  the  quadrant  where  the  target  had  been  - 
mouse  click 


—  Next  background  appears  with  fixation  cross 
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Set  Size  2 
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Results 


•  No  effect  of  distractor  symbol  color 

•  Set  size  effect,  F(3,  29)  =  5.9,  p  <  0.05 

•  Effect  of  Clutter,  F(2,  39)  =  7.1 ,  p  <  0.05 

•  Effect  of  de-saturation  of  background, 
F(1,  119)  =  24.6,  P<  0.05 
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Background  Color 


Background  Color 


Discussion 


*  Search  task  felt  to  be  effective  method  of 
testing  color  sets  in  this  type  of  display 

*  Verified  that  background  color  de-saturation 
was  effective  in  speeding  search  for  target 

*  Method  was  sensitive  to  set  size  effects  and 
effects  of  clutter 

*  Selected  task  for  future  research  with  color 
sets  and  transparency 
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Future  Research 


•  TRANSPARENCY 

—  Perceptual  phenomenon 

—  Factors  leading  to  /  improving  the 
perception  of  transparency  much  studied 

—  Perception  of  transparency  as  a  visual 
feature  not  studied 

•  MORE  COLOR  SETS 
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